A juvenile female green sea turtle (Chelonia mydas) was found entangled in a large mesh gillnet in Pamlico Sound, NC, and was weak upon presentation for treatment. Blood gas analysis revealed severe metabolic acidosis and hyperlactatemia. Plasma biochemistry analysis showed elevated aspartate aminotransferase and creatine kinase, marked hypercalcemia, hyperphosphatemia, and hyperkalemia. Death occurred within 24 hours of presentation despite treatment with intravenous and subcutaneous fluids and sodium bicarbonate. Necropsy revealed multifocal to diffuse pallor of the superficial and deep pectoral muscles. Mild, multifocal, and acute myofiber necrosis was identified by histopathological examination. While histological changes in the examined muscle were modest, the acid-base, mineral, and electrolyte abnormalities were sufficiently severe to contribute to this animal's mortality. Exertional myopathy in reptiles has not been well characterized. Sea turtle mortality resulting from forced submergence has been attributed to blood gas derangements and seawater aspiration; however, exertional myopathy may also be an important contributing factor. If possible, sea turtles subjected to incidental capture and entanglement that exhibit weakness or dull mentation should be clinically evaluated prior to release to minimize the risk of delayed mortality. Treatment with appropriate fluid therapy and supportive care may mitigate the effects of exertional myopathy in some cases.
Introduction
The green sea turtle (Chelonia mydas) is one of five sea turtle species that frequents the coastal waters of North Carolina, USA [1] . Sea turtle stranding cases in this region are attributed to watercraft-related trauma, hypothermic-stunning, commercial and recreational fishing incidental captures, and disease. Incidental captures in fishing gear comprise a large part of North Carolina sea turtle stranding cases [2] . In 2014, there were 255 green sea turtle stranding cases reported in North Carolina and 22% (57/255) were attributed to fisheries interactions [3] . During the North Carolina gillnet fishing season from 1 June to 30 November 2014, incidental captures in large mesh gillnets resulted in 307 nonlethal and 153 lethal interactions with green sea turtles, based on calculations from observer reports and fishing effort [4, 5] .
The effect of fishing gear related capture and entanglement on sea turtles is an important area of study for the purposes of mitigating mortality and injury, as well as improving the medical assessment and treatment of these animals. United States shrimp trawlers are required to use Turtle Excluder Devices (TEDs), a grid installed in the trawl net that allows larger animals, particularly sea turtles, to be ejected from the net and thereby minimize incidental captures. In shrimp trawls without TEDs, longer trawl times result in higher sea turtle mortality rates due to the increased duration 2 Case Reports in Veterinary Medicine of forced submergence [6] . The mandatory implementation and use of TEDs were associated with decreased sea turtle stranding cases and reduced rate of population decline [7] .
The physiologic effects of voluntary and forced submergence on sea turtles have been examined in both field and laboratory settings. Voluntary submergence is mostly aerobic, with minimal acid-base changes during short dive periods [8] . Prolonged voluntary dives are associated with respiratory acidosis and anaerobic metabolism [9] . Forced submergence due to fishery gear interactions, most notably trawl nets, may result in prolonged periods of hypoxia, seawater aspiration, pulmonary edema, and airway edema and hemorrhage [10] . Kemp's ridley sea turtles (Lepidochelys kempii) placed in trawl nets exhibited a metabolic acidosis with a 6-fold lactate increase in posttrawl blood samples [11] . Loggerhead sea turtles (Caretta caretta) subjected to forced submergence had a respiratory acidosis with hyperlactatemia [12] . As compared to loggerhead sea turtles captured in pound nets, which allow turtles to surface for respiration, trawl-captured loggerhead sea turtles have greater acid-base and lactate derangements [13] . In addition, forced submergence was recently associated with both intra-and extravascular gas embolism in loggerhead sea turtles [14] . That study utilized a combination of clinical pathology, gross necropsy, advanced imaging, and histopathology to demonstrate this clinical scenario in loggerhead sea turtles.
Gillnets are fixed nets used in shallow waters to entrap target teleost species. Interactions between sea turtles and estuarine large mesh gillnets with extended soak periods resulted in high sea turtle mortality rates in North Carolina in the late 1990s and subsequently led to restricted time and area fishing closures in the state [15] . Large mesh net capture of Kemp's ridley sea turtles resulted in high norepinephrine and epinephrine values in postcapture blood samples, suggesting capture-induced neuroendocrine stress response [16] . Greater duration of gillnet entanglement was associated with significant increases in plasma lactate, lactate dehydrogenase (LDH), creatine kinase (CK), and phosphorous levels in green sea turtles [17] . These clinical pathology changes were suspected to be due to the exertion and muscle damage associated with entanglement, but the study lacked supporting evidence from blood gas analysis, gross postmortem examination, and histopathology.
Exertional myopathy, or capture myopathy, is a multifactorial, noninfectious metabolic disease that is well described in mammalian and avian species. This disease is characterized by metabolic acidosis, muscle necrosis, and myoglobinuria [22] . Exertional myopathy can manifest in various clinical presentations and result in a range of clinical pathology changes and histopathologic lesions. While skeletal muscle and renal tissue are predominantly affected, exertional myopathy can also lead to widespread tissue necrosis throughout many organ systems [23] . Severe cases are associated with a poor prognosis. Exertional myopathy in reptile species and other poikilotherms is poorly characterized [24] . Here we present a case of exertional myopathy in a green sea turtle resulting from entanglement in a large mesh gillnet. Diagnostics included blood gas analysis, plasma biochemistry, gross necropsy, and histopathologic examination, which collectively are not typically available or presented in instances of sea turtle forced submergence and fishery interaction. On presentation the turtle was dull but responsive to tactile stimulation. It was quadriparetic and did not attempt to move its flippers when handled. A small amount of frank blood was present at the medial canthus of the right eye and sand adhered to both corneas. The turtle was in adequate body condition with no prominent skeletal features. Live barnacles were present, occupying less than 10% of the carapace and plastron. Approximately 10-15 leeches were present on the ventral cervical region and ventral plastron. Superficial abrasions were present on the trailing edge of the right front flipper and ventral aspect of the mandible.
Case Presentation
Initial heart rate was 30/min (Pocket-Dop 3 Doppler flow probe, CareFusion, Middleton, WI) and cloacal temperature was 20 ∘ C (Barnant Thermocouple Thermometer, Barnant Company, Barrington, IL). Respiratory rate was 2-4/min and no abnormal respiratory sounds were heard. Venipuncture was performed at the left dorsal cervical sinus and the blood sample was evaluated for packed cell volume (PCV) by centrifugation, total solids (TS) by refractometry, and blood gas analysis using an iSTAT point of care analyzer with a CG4+ cartridge (Abaxis, Union City, CA) ( Tables  1 and 2 ). Results revealed a PCV/TS of 40%/4.0 g/dL, a severe metabolic acidosis, and severe hyperlactatemia. Based on history, physical examination, and severity of blood gas derangements, exertional myopathy was suspected. The turtle was treated with intravenous fluids (5 mL/kg of 50% LRS and 50% 0.9% NaCl; Abbott Laboratories, North Chicago, IL) injected over 3 minutes in the left dorsal cervical sinus and subcutaneous fluids (10 mL/kg 0.9% NaCl, 5 mL/kg lactated Ringer's solution) administered over the left and right shoulders. Ceftazidime 20 mg/kg IM (Covis Pharmaceuticals, Inc., Cary, NC) was also administered to the turtle in the right pectoral muscle, in case of aspiration.
Recheck examination was performed approximately 4 hours after initial presentation. The turtle remained weak and heart rate was 4-12/min. Venipuncture was repeated and the blood sample was evaluated using iSTAT CG4+ and CG8+ cartridges and the VetScan VS2 point of care analyzer with an Avian Reptilian Profile Plus reagent rotor (Abaxis, Union City, CA). Clinical pathology results revealed a persistent but slightly improved severe metabolic acidosis (Tables 1 and 2 ). Also noted were a moderately elevated aspartate aminotransferase (AST) and severe hypercalcemia, hyperkalemia, hyperphosphatemia, and hyperlactatemia. The CK and potassium did not read on the VetScan but were suspected to be elevated out of instrument range, and hyperkalemia was confirmed with the iSTAT analyzer. The VetScan Avian Reptile Profile Plus CK and potassium instrument ranges are 5-14,000 U/L and 1.5-8.5 mmol/L, respectively [21] . The iSTAT sodium value was decreased but was suspected to be a spurious result because the VetScan sodium value was within reported green sea turtle sodium ranges [18, 20] . The turtle was treated with additional subcutaneous fluids (10 mL/kg 0.9% NaCl) combined with sodium bicarbonate 0.5 mEq/kg (Hospira, Inc., Lake Forest, IL) split between the shoulders and prefemoral regions. The turtle was found dead at 08:00 on 4 October 2014 and death was confirmed via Doppler flow probe. A necropsy was performed and tissue samples were saved for histopathology in 10% neutral buffered formalin. The turtle had adequate musculature and fat stores. Multifocal to diffuse regions of muscle pallor were observed in the superficial and deep pectoral muscles (Figure 1) . A small amount of foam was found in the distal main stem bronchi. No fluid or foreign material was present in the respiratory tract. The liver appeared mottled and the spleen bulged on cut section. The entire gastrointestinal tract was filled with digesta, mostly sea grass. The mesenteric vessels and serosal vessels on the liver were prominent. The urinary bladder was devoid of urine. There were no gross lesions to either kidney. Histopathology of the pectoral muscles revealed mild, multifocal, acute myofiber necrosis characterized by loss of cross striations, hypercontraction, and segmental disruption of the sarcoplasm. Density of affected myofibers was variable within sections. Some muscle fascicles had rare or no affected myofibers and a few were more diffusely affected (Figure 2 ). There were no histopathological changes observed in the kidneys. All additional findings were relatively minor and considered incidental, including endarteritis with medial hypertrophy affecting small pulmonary arteries and minimal, chronic endocarditis. These cardiovascular lesions were consistent with response to spirorchiid trematode infection, Table 2 : Plasma chemistry and hematology results from a large mesh gillnet entangled green sea turtle (Chelonia mydas). PCV/TS was performed at initial presentation. Plasma chemistry performed using the VetScan Avian Reptilian Profile Plus reagent rotor at 4 hours after presentation. Range values based on published freeranging juvenile green sea turtles from North Carolina caught via pound nets [18] and from the Bahamas during diving [20] . Both studies utilized a benchtop chemistry analyzer at diagnostic laboratories for plasma chemistry analysis. Analytes marked with an * were outside the instrument range. The VetScan Avian Reptile Profile Plus CK and potassium instrument ranges are 5-14,000 U/L and 1.5-8.5 mmol/L, respectively [21] . The CK range reported by Anderson et al. 2011 [18] was likely affected by the capture technique, which included pound net capture for undetermined time and transport on boat prior to blood sample collection. although spirorchiidiasis was not confirmed by gross or histologic examination [25, 26] . Minimal eosinophilic gastritis and enteric granulocytic infiltrates were also noted and attributed to alimentary endoparasites.
Discussion
This case documents histopathology and severe clinical pathology abnormalities in a gillnet-entangled juvenile green sea turtle consistent with exertional myopathy. Exertional myopathy is characterized by various degrees of myocyte necrosis on histopathology, which occurs secondary to increased anaerobic metabolism and lactic acid production [22] . In this case, only mild myofiber necrosis was documented, but the severity of muscle lesions was variable within sections examined by histology. Additional affected areas and more severe lesions are possible in other muscles that were not evaluated. It also suggests that the skeletal muscle lesions do not necessarily correlate with the severity of the clinical pathologic changes or, alternatively, that mild necrosis of a large amount of muscle tissue may have similar effects as severe necrosis in a small muscle mass. Metabolic acidosis is one of the predominant clinical pathology findings associated with exertional myopathy. Acidosis occurs as a result of decreased mitochondrial activity in skeletal muscle and initiation of anaerobic glycolysis that leads to lactic acid production [23] . Capture-related lactic acidosis has previously been documented in several capture effects and forced submergence studies in sea turtles. The severity of acidosis in this case (pH at 37 ∘ C 6.703; pH TC 6.896) exceeded the acidosis reported in forced submergence, trawland pound net-capture studies (pH range of 6.9-7.3) [11] [12] [13] . The decreased bicarbonate ion and total carbon dioxide are further consistent with metabolic acidosis. The lactate in this case exceeded the instrument range (>20 mmol/L). The hyperlactatemia documented here was comparable to or in excess of the lactate concentrations reported in sea turtle forced submergence and capture effects studies, and the blood gas values suggest that exertional myopathy in the green sea turtle can result in extreme acidosis.
Exertional myopathy is often associated with increased plasma AST, CK, and LDH activities in mammals due to myocyte injury [23] . This case included elevations in both AST and CK, and LDH was not evaluated. Multiple tissues express AST activity in loggerhead sea turtles, including cardiac and skeletal muscle [27] . Skeletal muscle damage likely resulted in the moderate elevation in AST and the suspected CK increase seen in this case. Similar enzyme elevations were documented in the evaluation of incidental capture effects on Kemp's ridley and green sea turtles. A positive association with gillnet entanglement time and elevations in plasma LDH and CK was reported in both species [17] . Other capture effects studies have lacked tissue enzyme evaluation as well as histological confirmation of muscle injury, which were documented in the green turtle of this report [17, 28] .
The cellular degradation that occurs during exertional myopathy leads to decreased sodium-potassium transport across cell membranes as well as cell rupture [23] . Subsequent Case Reports in Veterinary Medicine 5 increases in extracellular potassium concentrations result, as was seen in the current green sea turtle case. Significant increases in potassium values have been associated with capture stress and forced submergence in sea turtles. Elevated potassium occurred in a single gillnet-associated mortality following release, but insufficient data were available to correlate electrolyte disturbances with mortality, and fresh postmortem examination was not possible [28] . The degree of hyperkalemia was higher in the current case (>9.0 mEq/L) with demonstrated exertional myopathy as compared to reported hyperkalemia secondary to forced submergence and capture effects studies in sea turtles [12, 16, 17] . There was also a marked elevation in phosphorus in this case as compared to values reported in free-ranging green sea turtles [18, 20] . Elevations in phosphorous have been associated with severe tissue trauma secondary to cell leakage in reptiles as well as renal dysfunction [29] . The hyperphosphatemia demonstrated in this exertional myopathy case in combination with elevations of muscle specific enzymes was also documented in gillnet-captured green and Kemp's ridley sea turtles with similar enzyme elevations [17] .
This case identified elevations in total calcium and uric acid, which were suspected to be due to acutely decreased renal perfusion. Prolonged sympathetic stimulation, which occurs during exertional myopathy, leads to systemic hypotension and results in decreased cardiac output and blood flow to vital organs including the kidneys [23] . While there were no gross or histopathologic renal lesions and a urine sample was not available postmortem for evaluation, a prolonged decrease in renal perfusion likely decreased renal function and manifested clinically by marked elevations in total calcium and uric acid. Other causes of increased total calcium and uric acid in reptiles including vitellogenesis in reproductively mature females, osteolytic bone disease, granulomatous disease, hyperparathyroidism, gout, and postprandial high protein meal were excluded based on plasma chemistry, gross, and histopathologic examination [29] . Statistically insignificant trends in plasma calcium elevations in comparison to reference ranges were reported following gillnet capture in both green and Kemp's ridley sea turtles [17] .
Decompression sickness has recently been documented in gillnet-and trawl-captured loggerhead sea turtles [14] . In these cases, turtles exhibited progressive neurologic signs and positive buoyancy, and widespread intravascular gas embolism was documented using radiography, ultrasonography, and computed tomography. Postmortem and histologic examination typically revealed gas bubbles in the right atrium, lungs, and vasculature. Both duration and depth of capture were associated with gas embolism formation and clinical signs manifested at a minimum capture depth of 10.5 m [14] . Depths in the region of the Pamlico Sound gillnet fishery range between 0 and 2 m. In the case described herein, there were no gas bubbles observed during necropsy or by histology; therefore, there was no evidence that decompression sickness contributed to mortality.
Treatment of exertional myopathy requires aggressive fluid therapy and supportive care. Successful rehabilitation of a rhea with exertional myopathy included fluid therapy, supplemental feedings, methocarbamol, and anxiolytics [30] .
Three wild greater sandhill cranes (Grus canadensis tabida) with exertional myopathy were successfully released following intensive treatment with fluids, nutritional support, and physical therapy [31] . The empirical treatments, dexamethasone, vitamin E, and selenium, have been administered in cases of exertional myopathy, but therapeutic efficacy has not been evaluated in a controlled manner. Extensive treatment lasting several weeks may be required. Sea turtles markedly affected by exertional myopathy may require housing in a rehabilitation center that could provide daily care and observation. Mammalian and avian cases of exertional myopathy are typically associated with a poor prognosis [22] .
Mortality following capture in fishing gear has been attributed to blood gas derangements and seawater aspiration resulting from forced submergence, associated trauma, and decompression sickness. As demonstrated in this case, exertional myopathy is an additional consideration. It may be distinguished by the occurrence of a more severe acidosis, hyperlactatemia, severe elevations in potassium, phosphorous, and CK, as well as concurrent myocyte necrosis on histopathology. Blood chemistry derangements can be severe despite seemingly minor histological lesions in the skeletal muscle, the significance of which may be underappreciated in suspected bycatch animals that are found dead as stranding cases and lack clinical assessment or circumstantial information. Prompt and thorough evaluation of sea turtle entanglement cases exhibiting weakness and dull mentation is recommended if possible. Cases exhibiting these clinical signs and with clinical pathology abnormalities consistent with exertional myopathy should be treated aggressively with fluid therapy and supportive care. Immediate release of sea turtles involved in fishery gear entanglements that exhibit overt clinical signs may result in delayed, unobserved mortality due to the physiologic effects, including those related to exertional myopathy.
